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ABSTRACT 

As t h e  NASA progresses  i n t o  t h e  development phase 
o f  t h e  Space S t a t i o n ,  i t  recogn izes  t h e  impor tance 
and p o t e n t i a l  payback o f  h i g h l y  autonomous 
s p a c e c r a f t  subsystems. T h i s  paper  p resen ts  
p r i o r i t i e s  f o r  embedded e x p e r t  system enhancements 
t o  t h e  au tomat i c  c o n t r o l  systems o f  t h e  Space 
S t a t i o n  the rma l ,  EVA, and l i f e  suppor t  systems. 
The p r i m a r y  emphasis i s  on t o p - l e v e l  a p p l i c a t i o n  
areas  and development concerns f o r  e x p e r t  systems. 

INTRODUCTION 

The p r i m a r y  i n t e n t  o f  t h i s  paper i s  t o  i d e n t i f y  
p o t e n t i a l  a p p l i c a t i o n  areas  and development 
concepts f o r  e x p e r t  systems w i t h i n  t h e  o p e r a t i o n a l  
c o n t r o l  scheme o f  some Space S t a t i o n  
subsystems.*** The a p p l i c a t i o n  areas  cons ide red  
a r e  those  wh ich  a r e  f e l t  t o  have t h e  g r e a t e s t  
payback p o t e n t i a l  t o  t h e  Space S t a t i o n  i n  terms o f  
system s a f e t y ,  autonomy, and o p e r a t i o n a l  cos ts .  
A l though  t h e  c a p a b i l i t i e s  ment ioned he re  w i l l  be 
u s e f u l  f o r  any subsystem, n o t  a l l  subsystems have 
been cons ide red  n o r  a r e  b e i n g  rep resen ted  i n  t h i s  
d i s c u s s i o n ,  n o r  i s  t h i s  paper  i n t e n d e d  t o  be  a 
tho rough  t r e a t m e n t  o f  a l l  subsystem c o n t r o l l e r  
requ i rements .  

The d i s c i p l i n e  a rea  on wh ich  t h i s  paper  focuses  i s  
Space S t a t i o n  l i f e  suppor t .  
wh ich  have been cons ide red  i n c l u d e  t h e  Thermal 
C o n t r o l  System (TCS), t h e  E x t r a v e h i c u l a r  M o b i l i t y  
U n i t  (EMU), t h e  Manned Maneuver ing U n i t  (MMU), and 
t h e i r  a s s o c i a t e d  checkout  and s e r v i c i n g  systems, 
and some aspec ts  o f  t h e  Env i ronmenta l  C o n t r o l  and 
L i f e  Support  System (ECLSS). A l l  o f  t h e s e  
subsystems i n v o l v e  complex con t inuous  processes  

***Many o t h e r  f u n c t i o n s  have been i d e n t i f i e d  as 

S p e c i f i c  subsystems 

p r o m i s i n g  a p p l i c a t i o n  areas  f o r  e x p e r t  system 
approaches wh ich  a l s o  r e s i d e  a t  t h e  subsystem 
l e v e l s  b u t  may n o t  r e l a t e  t o  t h e  o p e r a t i o n  and 
c o n t r o l  o f  t h e  subsystem i t s e l f .  These h i g h e r  
l e v e l  f u n c t i o n s  w i l l  n o t  be d i scussed  i n - d e p t h  
bu t  some a r e  ment ioned below f o r  completeness: 
resource  management, maintenance ass i s tance ,  
l o g i s t i c s l i n v e n t o r y  management, human 
i n t e r f a c e s ,  i n t e r a c t i v e  t r a i n i n g ,  and 
s i m u l a t i o n  suppor t .  

wh ich  must be  c o n t r o l l e d .  O f  t h e s e  processes, 
some a r e  mechan ica l  ( c i r c u l a t i n g  f l u i d s ,  hea t  
t r a n s f e r ,  e tc . )  and some i n v o l v e  chemica l  
r e a c t i o n s ,  b o t h  open- loop and c losed- loop.  Each 
o f  t h e s e  systems i s  a complex i n t e g r a t i o n  o f  
components and subassembl ies (many o f  wh ich  need 
t o  be  a c t i v e l y  c o n t r o l l e d )  w i t h  a h i g h  degree o f  
redundancy and, u s u a l l y ,  m u l t i p l e  l e v e l s  o f  
c o n t r o l .  Each i n c o r p o r a t e s  a w ide  v a r i e t y  o f  
system i n s t r u m e n t a t i o n  and depend upon numerous 
i n t e r f a c e s  w i t h  o t h e r  v e h i c l e  subsystems (power, 
da ta ,  communicat ion,  e t c . )  and Space S t a t i o n  
elements (modules, a i r l o c k s ,  t r u s s ,  exper iment  
bays, e tc . ) .  

The c o n t r o l l e r s  f o r  t h e s e  subsystems suppor t  a 
v e h i c l e - l e v e l  c o n t r o l  system c u r r e n t l y  b e i n g  
developed known as t h e  Opera t i ons  Management 
System (OMS). The OMS has an on-board component 
and a ground based component. The o v e r a l l  OMS 
s t r u c t u r e  i s  d e p i c t e d  i n  F i g u r e  1. The on-board 
p o r t i o n  o f  t h e  OMS wou ld  be i n t e g r a t e d  i n t o  t h e  
Data  Management System (DMS) for.  access and 
communicat ion w i t h  t h e  o t h e r  v e h i c l e  subsystems. 
The p o r t i o n  o f  t h e  f i g u r e  l a b e l e d  " d i s t r i b u t e d  
systems" r e f e r s  t o  t h e  i n d i v i d u a l  v e h i c l e  
subsystem c o n t r o l l e r s  wh ich  i n c l u d e  t h o s e  
ment ioned above. 

Black Boxes 

F i g u r e  1 - Opera t i ons  Management Systems Concept 
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SUBSYSTEM CONTROL APPROACH 

A very  s i m p l i s t i c  view o f  convent ional  process 
c o n t r o l ,  b u t  one which i s  use fu l  f o r  t h e  present  
d iscuss ion,  i s  one which breaks a system down i n t o  
a r e l a t i o n s h i p  o f  mathematical t r a n s f e r  f unc t i ons ,  
s igna l  f lows, and response c h a r a c t e r i s t i c s  
t a i l o r e d  not  o n l y  t o  the  system being c o n t r o l l e d  
b u t  a l s o  t o  p a r t i c u l a r  s o l u t i o n  techniques. This 
approach has h i s t o r i c a l l y  proven successful i n  the  
s o l u t i o n  o f  c o n t r o l  problems. Although t h e  models 
used i n  the  conventional approach have associated 
inaccurac ies,  when t h e  technique f a i l s  i t  i s  
u s u a l l y  due t o  i n f l uences  which l i e  ou ts ide  o f  t h e  
models and c o n t r o l  laws. S p e c i f i c a l l y ,  t h e  
approach u s u a l l y  f a i l s  due t o  1) in f l uences  o f  
environment o r  o the r  boundary c o n d i t i o n  changes 
which a r e  d i f f i c u l t  o r  impossib le  t o  i nco rpo ra te  
i n t o  t h e  c o n t r o l  models (such as v e h i c l e  a t t i t u d e  
pe r tu rba t i ons ,  p r o x i m i t y  t o  o the r  equipment, 
etc.),  2 )  f a i l u r e  o f  system components, 3 )  chang- 
i n g  goals o r  design assumptions, 43 improper ly  
executed procedures, 5 ) i n c m p l e t e  o r  u n r e l i a b l e  
system data, and t h e  l i k e .  I f  these in f l uences  
cou ld  be p r o p e r l y  i d e n t i f i e d  and c o n t r o l l e d ,  then 
the  r e l i a b i l i t y  and autonomy o f  t h e  c o n t r o l  law 
cou ld  g r e a t l y  be enhanced. 

It i s  bes t  t o  view a more robust  c o n t r o l  approach 
t o  i n c l u d e  t h e  convent ional  c a p a b i l i t i e s  enhanced 
w i t h  resources t o  accomplish t h e - o t h e r  aspects o f  
t h e  c o n t r o l  problem. The o v e r a l l  c o n t r o l  scenar io  
can then be concep tua l l y  descr ibed as a process 
management system c o n s i s t i n g  o f  t h e  f o l l o w i n g  f i v e  
func t i ons  ( r e f .  1): 

-Data preprocessing 
-System s t a t e / s i t u a t i o n  assessment 
-Control a c t i o n  de te rm ina t ion  
-Cornand execut ion and v e r i f i c a t i o n  
-Process management c o n t r o l s  

The r e l a t i o n s h i p s  o f  these func t i ons  a r e  dep ic ted  
i n  F igu re  2. I n  t h e  sec t i ons  which fo l l ow ,  each 
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o f  these funct ions a re  descr ibed and t h e  ar,eas 
where exper t  systems may be app l i ed  t o  accdmplish 
t h e  broader goals which have been es tab l i shed  a r e  
i d e n t i  f ied. 

DATA PREPROCESSING can be thought o f  as t h e  se t  o f  
tasks r e q u i r e d  t o  acqui re raw data from t h e  
opera t i ng  subsystem, and pu t  them i n t o  a form 
which can be d i r e c t l y  usefu l  t o  t h e  o the r  
func t i ona l  areas. The preprocessor may a l s o  
'g lean i n f o r m a t i o n '  from t h e  data by per forming 
s i  mpl e c a l  c u l  a t i  ons 'us ing i ndi  v i  dua 1 parameters, 
o r  recogn iz ing  o r  developing much more complex 
r e l a t i o n s h i p s  between parameters which can 
generate q u a l i t a t i v e  d e s c r i p t i o n s  o f  t h e  system t o  
be used i n  o the r  func t i ona l  areas. 

While most of t h i s  task i nvo l ves  convent ional  data 
a c q u i s i t i o n  and numerical process ing (such as 
engineer ing u n i t  conversion, l i m i t  checking, 
etc.),  t h e r e  a r e  some c a p a b i l i t i e s  which an exper t  
system may p rov ide  t o  take  advantage o f  t h i s  
f u n c t i o n a l  area. These may inc lude :  

- A f l e x i b l e  f a c i l i t y  f o r  develop ing 
complex p a t t e r n  matching re1 a t i o n s h i  ps 
us ing the  s ignatures o f  l a r g e  amounts o f  
data t o  generate q u a l i t a t i v e  i n fo rma t ion  
about t h e  system, and t o  i d e n t i f y  
subsystem events. This  f u n c t i o n  would 
be s e n s i t i v e  t o  s u b t l e  t rends  and 
p a t t e r n s  i n  n o t  o n l y  i n d i v i d u a l  
parameters b u t  groups o f  parameters as 
we l l .  
t h e  q u a n t i t a t i v e  o r  q u a l i t a t i v e  values 
re tu rned  would be mainta ined and passed 
on w i t h  t h e  values. 
be t h e  foundat ion o f  a s t r u c t u r e d  and 
c o n t r o l l e d  data d r i v e n  l e a r n i n g  
c a p a b i l i t y .  

- A s i t u a t i o n  o r  experience d r i v e n  
c a p a b i l i t y  t o  j u d i c i o u s l y  acqu i re  data 
from the  subsystem i n  order  t o  s a t i s f y  
t h e  goals o f  t h e  c u r r e n t  ope ra t i on  
wi thout  over loading t h e  c o n t r o l  system 
w i t h  data. This f u n c t i o n  would i nc lude  
a data sampling scheduler which a d j u s t s  
sampling rates,  o r  o therwise c o n t r o l s  
t h e  supply of data accord ing t o  t h e  
c u r r e n t  and a n t i c i p a t e d  needs o f  t h e  
c o n t r o l  system. 

S t a t i s t i c s  on t h e  c e r t a i n t y  o f  

This  f a c i l i t y  cou ld  

SYSTEM STATE/SITUATION ASSESSMENT tasks  a r e  
associated w i t h  desc r ib ing  t h e  c u r r e n t  s t a t e  o f  
t he  system and i d e n t i f y i n g  t h e  s t a t e ( s )  t o  which 
t h e  system may be headed a t  any t ime. 
a c t i v i t i e s  i nc luded  i n  t h i s  func t i on  would be 
c o n f i g u r a t i o n  management, f a i l u r e  de tec t i on ,  
subsystem performance s ta tus ,  subsystem response 
p r e d i c t i o n ,  e tc .  This func t i on  would a l s o  
e s t a b l i s h  s p e c i f i c  c o n t r o l  goals  t o  op t im ize  t h e  
c u r r e n t  s t a t e  and would accept h ighe r  l e v e l  
goal s /ob jec t i ves  from t h e  process management 
f u n c t i o n  w i t h  which t o  modi fy  t h e  s p e c i f i c  c o n t r o l  
goal s. 

Some o f  t h e  

F i g u r e  2 - Subsystem C o n t r o l l e r  Functions 
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Expert system a p p l i c a t i o n s  i n  t h i s  area may 
i nclude : 

- Goal management. I n  t h e  con tex t  o f  OMS, 
v e h i c l e  operat ions imperat ives and 
resource management o b j e c t i v e s  w i l l  be 
submi t ted t o  a l l  subsystem c o n t r o l l e r s  
r o u t i n e l y .  Each subsystem must, 
therefore,  have f a c i l i t i e s  t o  process 
these o b j e c t i v e s  i n t o  subsystem c o n t r o l  
goals and t o  f u r t h e r  modify these goals 
as opera t i ng  environments o r  t h e  
o b j e c t i v e s  themselves change. 
Object ives w i l l  change, f o r  example, 
w i t h  Crew A c t i v i t y  Plan mod i f i ca t i ons  
w i t h i n  t h e  OMS which subsystems w i l l  
need t o  respond t o  and p lan  f o r  p r i o r  t o  
implementation. The process c o n t r o l l e r s  
must be a b l e  t o  ass ign p r i o r i t i e s  and 
temporal order  t o  t h e  i n c o r p o r a t i o n  o f  
these goals i n t o  t h e  c o n t r o l  s t ra tegy.  

f a i l u r e s  which occur w i t h i n  systems 
of t h i s  na tu re  can r e l i a b l y  be detected 
us ing  con3ent ional  numerical techniques 
( i .e. r e d l i n e  l i m i t  v i o l a t i o n s ,  e t c . )  
There may, however, be s i t u a t i o n s  where 
q u a l i t a t i v e  reasoning can e f f e c t i v e l y  
enhance t h e  p u r e l y  numerical approach. 
Cascading f a i l u r e  de tec t i on ,  mu1 t i p l e  
independent f a i l u r e s ,  and f a i l u r e s  
i n v o l v i n g  incomplete o r  erroneous 
ins t rumen ta t i on  readings a re  examples o f  
these s i t u a t i o n s .  - Con f igu ra t i on  v e r i f i c a t i o n .  I n  t h i s  
task, t h e  subsystem c o n f i g u r a t i o n  (e.g. 
va lve p o s i t i o n s ,  a c t i v e  components, 
ope ra t i ng  mode, ope ra t i ona l  margins, 
etc.) i s  checked and v e r i f i e d  p r i o r  t o  
i n i t i a t i n g  any command plans. I f  t h e  
parametric i n f o r m a t i o n  which the  system 
normal ly  uses t o  determine c o n f i g u r a t i o n  
becomes d i sab led  o r  i s  o therwise 
incomplete, t h e  convent ional  approaches 
w i l l  no t  work, and the  c o n t r o l  system 
cou ld  be i n  danger o f  i s s u i n g  improper 
o r  i n c o r r e c t  commands. A knowledge 
based approach becomes necessary 
t o  i n d i r e c t l y  a s c e r t a i n  t h e  
c o n f i g u r a t i o n  by r e f e r r i n g  t o  o the r  
a v a i l a b l e  i ns t rumen ta t i on  and i n f e r r i n g  
t h e  r e s u l t  e i t h e r  through a p p l i c a t i o n  o f  
r u l e s  o r  by re fe rence  t o  d i r e c t e d  
(narrow scope) math models t o  e s t a b l i s h  
p l a u s i b l e  so l  u t  ions. 

The c lass  o f  subsystems 
descr ibed here i s  n a t u r a l l y  dynamic 
d u r i n g  normal operations. A q u a l i t a t i v e  
ana lys i s  of t h e  parametr ic  t rends 
( e i t h e r  i n d i v i d u a l l y  o r  as groups o f  
parameters) i s  o f t e n  necessary t o  
e x p l i c i t l y  descr ibe t h e  s t a t e  o f  
t he  subsystem and t o  p r e d i c t  what 
s ta tes ,  o r  s i t u a t i o n s  may a r i s e  
w i t h  t h e  c u r r e n t  c o n t r o l  approach. 
Trend a n a l y s i s  i s  sometimes requ i red  as 
w e l l  t o  h e l p  i d e n t i f y  f a i l u r e s  w i t h i n  
t h e  system. 

- F a i l u r e  de tec t i on .  Most c r i t i c a l  

- Trend analys is .  

- Model-based determinat ions w i l l  a t  t imes 
be requ i red  t o  e s t a b l i s h  d e t a i l s  o f  t h e  
goal s t a t e  f o r  t h e  system and t o  enable 
l i m i t e d  p r e d i c t i o n  c a p a b i l i t y  f o r  
eva lua t i ng  e f f e c t s  o f  proposed 
changes t o  t h e  system as suggested by 
o the r  c o n t r o l l e r  f unc t i ons .  
These process models would necessa r i l y  
be o f  f a i r l y  narrow scope t o  a l l o w  
e f f i c i e n t  a p p l i c a t i o n  o f  t h e  models i n  
r e a l  t ime  and t o  assure r e l i a b l e  and 
cons is ten t  r e s u l t s  which are easy t o  
i n t e r p r e t .  The models cou ld  be 
emp i r i ca l ,  a n a l y t i c a l  , o r  h y b r i d  
representat ions o f  t h e  process. 

CONTROL ACTION DETERMINATION tasks  combine t o  
produce a c o n t r o l  s t r a t e g y  and a p lan  t o  
accomplish the  es tab l i shed  goals f o r  t h e  
subsystem. 
comands t o  be sent t o  the  subsystem ( w i t h  
expected r e s u l t s  of each) , d iagnos t i c  s t r a t e g i e s ,  
o r  c o n d i t i o n a l  s t r a t e g i e s  as requi red,  i n  o rde r  t o  
r e a l i z e  t h e  goals. This f u n c t i o n  must a l s o  
prov ide an e f f e c t i v e  rep lann ing  f u n c t i o n  whereby 
c u r r e n t  p lans a r e  g r a c e f u l l y  terminated and new 
plans a re  i n i t i a t e d  as a response t o  changes i n  
goals o r  t o  c r i t i c a l  events w i t h i n  t h e  system. 
This f u n c t i o n  would ma in ta in  f l i g h t  r u l e  standards 
and would v e r i f y  t h e  i n t e g r i t y  o f  t he  system 
c o n f i g u r a t i o n  and redundancy s t a t e  as major 
f a c t o r s  o f  t h e  prov ided plan. 

An a p p l i c a t i o n  area o f  exper t  systems w i t h i n  t h i s  
p lanning f u n c t i o n  w i t h  g rea t  payback p o t e n t i a l  i s  
adapt ive c o n t r o l .  Adaptive c o n t r o l  i n  t h i s  
con tex t  can be viewed as t h e  techniques by which 
the  implementation p lans o f  t h e  c o n t r o l l e r  
es tab l i shes  and t a i l o r s  t h e  c o n t r o l  s t r a t e g i e s  f o r  
the e n t i r e  subsystem, and/or t h e  response 
c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l  c o n t r o l  loops 
(by mod i f y ing  c o n t r o l  l oop  gains, l a g  t imes, 
e tc , ) ,  i n  order  t o  r e a l i z e  t h e  c u r r e n t  and 
a n t i c i p a t e d  goal s t a t e s  f o r  t h e  process. 
Implementation o f  t h i s  f u n c t i o n  should be viewed 
as t h e  p r i n c i p l e  area o f  enhancement t o  t h e  
convent ional  process c o n t r o l  t heo ry  as a p p l i e d  t o  
the  subsystem. This a c t i v i t y  necess i ta tes  t h e  
g r a n t i n g  o f  c o n t r o l  a u t h o r i t y  t o  an 'autonomous 
superv i so r '  f u n c t i o n  i n  order  t o  change 
s t r a t e g i e s  and responses w i t h i n  a we l l  developed 
performance envel ope. It i s an responsi b i  1 i t y  of 
t h i s  exper t  f u n c t i o n  t o  recognize i t s  l i m i t s  o f  
c o n t r o l  a u t h o r i t y  and never operate ou ts ide  t h i s  
envelope w i thou t  t h e  approval o f  human operators. 
Conceptual ly, t h e  performance boundaries o f  t h e  
adapt ive c o n t r o l  p lanning f u n c t i o n  should be 
changeable, b u t  o n l y  by approp r ia te  human 
operators ,  n o t  t h e  c o n t r o l  1 er .  

The p lan  would c o n s i s t  o f  d i r e c t  

Another p o t e n t i a l  expe r t  system a p p l i c a t i o n  area 
f o r  t h i s  func t i on  i s  f a i l u r e  recovery. The proper 
response t o  f a i l u r e s ,  once detected, i s  n o t  always 
c l e a r l y  procedural . Responses can vary depending 
on t h e  c u r r e n t  s t a t e  o f  t h e  system, t h e  d e s i r e d  
goal s t a t e ( s ) ,  t h e  s e v e r i t y  o f  t h e  f a i l u r e  ( i f  
d i s c e r n i b l e ) ,  crew safety ,  changing f l i g h t  r u l e s ,  
t h e  c r i t i c a l i t y  o f  t h e  f a i l u r e ,  a v a i l a b l e  
redundancy, o the r  e x i s t i n g  f a i l u r e s ,  and t h e  
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management o f  o ther  perce ived cont ingencies,  t o  
name a few. Expert systems present  resources t o  
e f f i c i e n t l y  manipulate both q u a l i t a t i v e  and 
q u a n t i t a t i v e  i n fo rma t ion  t o  reso lve  t h e  many 
c o n f l i c t i n g  inputs ,  o r  t o  q u i c k l y  a s c e r t a i n  
where c o n f l i c t s  cannot immediately be resolved. 

COMMAND EXECUTION AND VERIFICATION tasks  implement 
t h e  p lan  o f  a c t i o n  provided, v e r i f y  whether each 
comnand i s  executed i n  t h e  proper order  and 
d i sce rn  whether t h e  a n t i c i p a t e d  system e f f e c t s  
were rea l i zed .  This f u n c t i o n  a l s o  prov ides a 
check t o  determine whether assumptions made du r ing  
t h e  scheduling o f  a command p lan  (such as system 
c o n f i g u r a t i o n ,  o r  boundary c o n d i t i o n s )  a re  
cont inuously  v a l i d .  As such, t h i s  i s  a task  
h i g h l y  o r i e n t e d  towards computer comnunicati ons 
and data management and major exper t  system 
a p p l i c a t i o n s  are no t  obvious here (o the r  than 
tasks which favo rab ly  t r a d e  o f f  against  
convent ional  techniques i n  terms o f  performance, 
re1 i a b i  1 i t y  , e t c  . ) . 
PROCESS MANAGEMENT CONTROLS tasks  a1 l o c a t e  
resources t o  each o f  t h e  above func t i ons ,  assign 
top-1 eve1 t a s k  p r i o r i t i e s ,  schedule a c t i v i t i e s ,  
oversee i n t e r r u p t s  o f  tasks, and moni tor  t h e  
o v e r a l l  s ta tus  o f  t h e  subsystem c o n t r o l l e r .  Th is  
f u n c t i o n  would a l s o  c o m u n i c a t e  w i t h  t h e  DMS, 
r e c e i v i n g  v e h i c l e  operat ions ob jec t i ves ,  requests 
f o r  i n fo rma t ion ,  r o u t i n g  these i n p u t s  t o  the  
proper c o n t r o l l e r  f unc t i ons  i n  t h e  proper form, 
and p r o v i d i n g  responses t o  t h e  DMS. 

The p r imary  exper t  system t a s k  t o  be performed 
w i t h i n  t h i s  f u n c t i o n  i s  t h e  maintenance o f  
subsystem knowledge as i t  a p p l i e s  t o  the  r e s t  o f  
t h e  v e h i c l e  and t o  t h e  o t h e r  c o n t r o l l e r  funct ions.  
S p e c i f i c a l l y ,  t h i s  i nvo l ves  t h e  a c t i v i t y  o f  
t r a n s l a t i n g  v e h i c l e  comands, ob jec t i ves ,  o r  
resource gu ide l i nes  i n t o  c l e a r  goals o r  
i n s t r u c t i o n s  a p p l i c a b l e  t o  t h e  c o n t r o l l e r  
f unc t i ons  w i thou t  passing unnecessary i n fo rma t ion .  
Once subsystem goals are es tab l i shed ,  t h e  process 
manager must pass t h e  i n f o r m a t i o n  t o  the a f f e c t e d  
c o n t r o l l e r  f unc t i ons ,  e s t a b l i s h  task i n t e r r u p t  
p r i o r i t i e s ,  r e a l l o c a t e  processor resources, e t c .  
as r e q u i r e d  i n  order  t o  oversee t r a n s i t i o n  t o  the  
new ob jec t i ves .  The process manager must process 
s t a t u s  requests from t h e  v e h i c l e  and must 
determine when subsystem events should be 
communicated t o  t h e  v e h i c l e  due t o  a n t i c i p a t e d  
g lobal  e f f e c t s  which cou ld  impact o v e r a l l  
ope ra t i ona l  c a p a b i l i t i e s  (such as reduced resource 
c a p a c i t y ) .  

EXPERT SYSTEM APPLICATION ISSUES 

vary depending on the  responsiveness o f  t h e  
processes. For t h e  subsystem a p p l i c a t i o n s  
considered here, response t imes can vary from on 
t h e  order  o f  hours w i t h  some thermal processes t o  
f r a c t i o n a l  seconds f o r  t he  nav iga t i ona l  
requirements o f  an enhanced MMU. 
tasks conta ined w i t h i n  c o n t r o l l e r  funct ions,  n o t  
a l l  exper t  system func t i ons  w i l l  need t o  be 
equa l l y  responsive. Some tasks  w i l l  always be 
performed on a lower p r i o r i t y  b a s i s  and should 
never be h i g h l y  t ime  c r i t i c a l  tasks,  such as 
model-based reasoning; The s e l e c t i o n  o f  any 
programming technique, t o o l ,  o r  mix o f  technology 
f o r  a p p l i c a t i o n  t o  any c o n t r o l  system t a s k  needs 
t o  be made w i t h  cons ide ra t i on  o f  i t s  demonstrated 
performance as we l l  as i t s  a b i l i t y  t o  a r r i v e  a t  
so lu t i ons ,  d i f f i c u l t y  and cos t  o f  development, 
m a i n t a i n a b i l i t y ,  e t c .  

THE B A S I N G  OF SUBSYSTEM CONTROLLER FUNCTIONS 
o n - o r b i t  o r  on t h e  ground i s  a dec i s ion  which 
requ i res  c a r e f u l  cons ide ra t i on  by subsystem and 
OMS designers a l i k e .  Given comnunications 
resources such as two TDRSS s a t e l l i t e s  and t h e  
Space S t a t i o n  In format ion System (SSIS), i t  i s  no t  
obvious t h a t  any o f  t h e  n o n c r i t i c a l  subsystem 
c o n t r o l  f unc t i ons  should be p laced onboard. 
Onboard computing se rv i ces  w i l l  always be more 
scarce and expensive than s i m i l a r  se rv i ces  on t h e  
ground, p a r t i c u l a r l y  i f  t h e  computing requirements 
i n v o l v e  m u l t i p l e  processor types. While 
s p e c i f y i n g  t h e  c r i t i c a l i t y  o f  f u n c t i o n s  w i t h i n  t h e  
c o n t r o l  scheme i s  premature a t  t h i s  p o i n t  f o r  
Space S ta t i on ,  t h i s  must be a s t rong  c r i t e r i o n  i n  
a r r i v i n g  a t  a cons is ten t  common approach f o r  
subsystem c o n t r o l  design. 

But viewed as 

CONC L US I ONS 

Expert system a p p l i c a t i o n s  w i t h i n  subsystem 
c o n t r o l l e r s  p rov ide  t h e  system engineer w i t h  t o o l s  
t o  so l ve  problems which cannot r e l i a b l y  be so lved 
w i t h  convent ional  techniques. From t h i s  
perspect ive,  exper t  systems can enhance t h e  
convent ional  c o n t r o l  approach and should be 
designed t o  e a s i l y  i n t e r a c t  w i t h  numerical 
processes. Operating w i t h i n  a r e a l  t ime  system, 
exper t  system tasks should be w e l l  cons t ra ined  
w i t h i n  t h e  envelope o f  known so lu t i ons ,  and should 
p rov ide  new methods f o r  moving around t h e  envelope 
w i t h  a h igh  degree o f  autonomy from onboard o r  
ground based operators. 
should respond t o  human requests  and commands a t  a 
h igh  l e v e l  o f  p r i o r i t y  and should never be a l lowed 
t o  address problems which l i e  ou ts ide  t h e  known 
and demonstrated se t  o f  s o l u t i o n s .  

Expert system tasks  

Having a suggested f u n c t i o n a l  framework f o r  what 
t h e  subsystem c o n t r o l l e r  must do and major areas 
where exper t  system techniques may p rov ide  the  
most b e n e f i t ,  a few major development issues which 
r e l a t e  t o  both warrant some a t t e n t i o n .  

While t h i s  d iscuss ion prov ides a s t r u c t u r e  t o  
i d e n t i f y  p o t e n t i a l  exper t  system a p p l i c a t i o n  areas 
w i t h i n  t h e  o v e r a l l  c o n t r o l l e r  context ,  i t  i s  n o t  a 
comprehensive approach. Each subsystem d i s c i p l i n e  
should be made p a r t  of a Process t o  develoD 
subsystem c o n t r o l l e r  f unc t i ona l  requirements from 
t h e  'bottom-up' i n  the  con tex t  o f  t h e  'top-down' 

both hardware and software t e c h n o l o g i s t s  t o  focus 
on what w i l l  be requ i red  f o r  t h e  Space S t a t i o n  
subsystem c o n t r o l l e r s .  It should a l s o  p rov ide  

REAL TIME PERFORMANCE i s  a pr imary concern f o r  mY 
c o n t r o l  system. I f  t h e  c o n t r o l  system cannot development o f  t h e  v e h i c l e  OMS. This should a l l ow  
' s t a y  ahead' of t h e  Process being control led^ t h e  
Drocess cannot be r e l i a b l y  c o n t r o l l e d .  The 
performance requirements f o r  t h e  c o n t r o l  systems 
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program managers c l e a r  programmatic requirements 
t o  make i t  poss ib le  t o  a t t a i n  them. 
l i k e  t h i s  w i l l  a l s o  h i g h l i g h t  t o  l i n e  
o rgan iza t i ons  t h e  s k i l l s  needed t o  support 
development o f  c o n t r o l l e r  software, and should 
reduce subsequent so f tware  convers ion and 
i n t e r f a c e  problems l a t e r  i n  t h e  program. 
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